Introduction
Periodontitis is a disease of the periodontium characterized by irreversible loss of connective tissue attachment and supporting alveolar bone [1] . Destructive process in periodontitis is caused by an imbalance of the homeostasis between degradative enzymes such as the lysosomal cysteine proteinases, Cathepsins, and their inhibitors, Cystatins [2] [3] [4] . Cystatins are inhibitors of cysteine proteinases and could play a protective and regulatory role under inflammatory conditions. Cystatin C (CSTC), also known as γ-trace (Gamma trace) or post γ globulin proteinbelongs to family 2 of the Cystatin superfamily [5] . The synthesis of CSTC does not seem to be tissue-specific and all nucle-leric et al. [16] reported that CSTC concentrations were significantly lower in gingival tissue samples from the sites with greater probing depth in subjects with inflamed gingival.
Decreased levels of CSTC were reported in gingival crevicular fluid (GCF) and total saliva in children with gingivitis compared to periodontally healthy children [17] . While Henskens et al. [18] found no CSTC levels in GCF samples while increased concentrations of CSTC were detected in whole saliva in both gingivitis and periodontitis subjects in comparison with healthy subjects. Other studies [19, 20] from same group have reported the similar findings. Graziani F et al. [21, 22] reported substantial reduction in serum CSTC concentration after non surgical periodontal therapy.
Considering the above studies, the levels of CSTC in GCF and saliva in periodontal diseases are controversial. Hence role of CSTC in periodontal disease is unclear and so it is difficult to understand that whether CSTC acts as a protective or destructive marker in the pathogenesis of periodontal disease. Thus, in view of the aforementioned findings, this study was undertaken to estimate the CSTC levels in GCF and serum from subjects with clinically healthy periodontium, gingivitis, chronic periodontitis and, subsequently, after initial periodontal therapy i.e. scaling and root planing (SRP) in the periodontitis subjects and to analyze the correlation between GCF and serum CSTC levels. After determining the levels of CSTC with severity of disease, it will be clear to correlate the role of CSTC with disease severity.
Materials and methods

Study population and study groups
The study population consisted of 30 age and gender matched subjects (15 women and 15 men; age range: 25-50 years) attending the outpatient clinic of the Department of Periodontics, Government Dental College and Research Institute, Bangalore, Karnataka, India. Ethical clearance was obtained from the Institutional Ethical Committee and Review Board. Written informed consent was obtained from those who agreed to participate voluntarily in the study. Inclusion criteria included subjects within the age group 25-50 years, who had not received periodontal therapy within the preceding 6 months and who had at least 20 natural teeth. Subjects with aggressive periodontitis, history of smoking, gross oral pathology, tumors or any other systemic diseases including bone diseases (such as rheumatoid and osteoarthritis) which can alter the course of periodontal disease, on any medication like bisphosphonates, cyclosporine-A, steroids, contraceptives and who had taken anti-inflammatory, antibiotics as well as pregnant and lactating females, were excluded from the study. The study was conducted from Feburary 2010 to May 2010.
Each subject underwent a full mouth periodontal probing and charting, along with the periapical radiographs using the long-cone technique [23] . The radiographic bone loss was recorded dichotomously (presence or absence) to differentiate chronic periodontitis patients from other groups. Furthermore, no delineation was attempted within the chronic periodontitis group based on the extent of alveolar bone loss.
Based on the gingival index (GI) [24] , probing pocket depth (PPD), clinical attachment level (CAL) and radiographic evidence of bone loss, subjects were categorized into three groups. Periodontally healthy group consisted of 10 subjects with clinically healthy periodontium, with GI = 0, PPD 3 mm, CAL = 0 with no evidence of bone loss on radiographs. Gingivitis group consisted of 10 subjects who showed clinical signs of gingival inflammation with GI > 1, PPD 3 mm, CAL = 0 and no radiographic bone loss. Chronic periodontitis group consisted of 10 subjects who had signs of clinical inflammation with GI > 1 along with a PPD 5 mm and CAL 3 mm with the radiographic evidence of bone loss at more than 10 sites [25] . Patients were consecutively included into three groups according to the specific inclusion and exclusion criterias of each particular group. Patients with chronic periodontitis were treated with SRP, GCF and serum samples were collected 6-8 weeks after the treatment to constitute after-periodontal therapy group). A previously calibrated examiner (ARP) performed all the clinical assessments using a University of North Carolina-No.15 (UNC-15) periodontal probe. Calibration trials were performed prior to the study to ensure adequate intraexaminer reproducibility. No statistically significant difference was found between duplicate measurements (r = 0.92 for PPD and r = 0.91 for CAL). The difference between the examinations was within 1 mm in 90% of PPD measurements and 92% of CAL measurements.
GCF collection
All the clinical and radiological examinations, group allocation and sampling site selection were performed by one examiner and the samples were collected on the subsequent day by a second examiner (AS). This was undertaken to prevent the contamination of GCF with blood associated with the probing of inflamed sites. Only one site per subject was selected as a sampling site in gingivitis and chronic periodontitis groups (groups 2 and 3), whereas, in the periodontally healthy group, to ensure the collection of an adequate amount of GCF, multiple sites with absence of inflammation were sampled. In gingivitis patients, the site with the highest clinical signs of inflammation (i.e. redness, bleeding on probing and edema), in the absence of clinical attachment loss, was selected. In chronic periodontitis patients, sites with > 2 mm clinical attachment loss were identified, and the site showing the highest clinical attachment loss and signs of inflammation, along with radiographic confirmation of bone loss, was selected for sampling.
After making the subjects sit comfortably in an upright position on the dental chair, the selected test site was air dried and isolated with cotton rolls. Without touching the marginal gingiva, supragingival plaque was removed to avoid contamination and blocking of the microcapillary pipette. GCF was collected by placing white color-coded 1-5μl calibrated volumetric microcapillary pipettes (Sigma-Aldrich St. Louis, MO, USA) by placing the tip of the pipette extracrevicularly, until it gently touched the marginal gingiva, a standardized volume of 1 μl unstimulated GCF was collected in 10 mins from each test site. The test sites which did not express standard volume (1 μl) of GCF were excluded and micropipettes contaminated with blood and saliva was discarded. Periodontal treatment (SRP) was performed for both gingivitis and periodontitis patients at the same appointment after GCF collection. After 8 weeks, GCF was collected from same site of the subjects in chronic periodontitis group, and included in after periodontal therapy group. For this 8-week period, subjects were called at one-week interval and plaque control measures were performed.
The GCF collected was immediately sealed with sterile aluminium foil and transferred to plastic vial and stored at −70
• C till the time of the assay.
Collection of serum
Two milliliters of blood was collected from the antecubital fossa by venipuncture using a 20-gauge needle with 2 ml syringe and immediately transferred to the laboratory. The blood sample was allowed to clot at room temperature and, after 1 h, serum was separated from blood by centrifuging at 3000g for 5 min. The extracted serum was immediately transferred to a plastic vial and stored at −70
• C till the time of assay.
Determination of CSTC levels in samples
CSTC levels from study participants were measured using a Human Cystatin C ELISA kit (BioVendorLaboratorni medicina, Modrice, Czech Republic Catalog No. RD191009100). Briefly, all reagents were allowed to warm to room temperature for at least 30 min prior to opening. Reagents were prepared according to the manufacturer's instructions immediately before use and mixed thoroughly during use without foaming. The GCF samples were expelled from the microcapillary pipettes with a jet of air using a blower provided with the pipettes and by further flushing them by a fixed amount of the diluent. After appropriate dilution, 100 μl of diluted Standards, Quality Controls, Dilution Buffer (Blank) and samples, preferably in duplicates, were incubated (30 minutes at room temperature) in the wells pre-coated with antihuman CSTC antibody followed by washing of wells three times and horseradish peroxidase conjugated polyclonal antibodies against CSTC were added (incubated for 30 minutes at room temperature). Finally tetramethylbenzidine substrate solution was added and reaction was stopped using stop solution (2 M sulfuric acid) after 10 min. The absorbance was measured at 450 nm as primary wavelength and optical density values were obtained both for standards (provided with the kit) as well as samples. The concentration of CSTC in the tested samples was estimated using the reference calibrated standard curve, obtained by plotting the optical density values of the standards against their concentration.
Statistical analysis
Data were analyzed using a software program (SPSS version 10.5, SPSS Inc., Chicago, IL, USA). Based on the pilot study including five subjects in each group, the sample size was estimated at 10 subjects in each group to achieve power to detect a difference of 0.5 between the null hypotheses. Test for the validity of normality assumption using standardized range statistics was carried out and it was found that the assumption is valid. Accordingly parametric tests were carried out for comparing the means of CSTC concentration in different groups. Pair-wise comparison using scheff's test for GCF and serum CSTC was carried out to explore, which pair or pairs differ significantly at 5% level of significance. Paired t test was used to compare CSTC concentrations in GCF and serum in chronic periodontitis group and after periodontal therapy group. Pearson's correlation test was used to observe any correlation between the GCF and serum CSTC concentration and clinical parameters.
Results
The CSTC concentrations for all the groups are shown in Table 1 . The mean CSTC concentration in GCF was observed to be the highest in chronic periodontitis group while least in periodontally healthy group. The mean CSTC concentration in GCF in gingivitis group and after periodontal therapy group was intermediate between above two groups. The mean CSTC concentration in serum was found to be least in periodontally healthy group, followed by after periodontal therapy group and gingivitis group, and highest in chronic periodontitis group. The F-value obtained for groups is 73.406 for GCF and 573.928 for serum (p < 0.001) as shown in Table 1 . Therefore the hypothesis of equality of means for concentration of CSTC in GCF and serum was rejected at 5 % level of significance (p < 0.05), which indicate that the means differ significantly.
Further multiple comparisons using Scheff's test was carried out to find out which pair or pairs differ significantly. On comparison, between all the groups, the difference was statistically significant, both in GCF and serum (p < 0.05) ( Table 2 ). When chronic periodontitis group and after periodontal therapy group were compared using paired't' test, the difference in the concentrations of CSTC was statistically significant in both GCF and serum (p < 0.05) ( Table 2 ).
Pearson's correlation coefficient test was done to find any correlation between the GCF and serum CSTC concentrations. The results showed a very strong and positive correlation in all the groups suggesting that GCF CSTC levels commensurate with that of serum and vice versa. GCF and serum CSTC levels showed strong positive correlation with clinical parameters in all groups (p < 0.05) except after periodontal therapy group (Table 3) .
Differentiating values with probability 0.95 has shown that CSTC concentration in GCF and serum, 3937 ng/ml, 778 ng/ml respectively can be considered healthy, 3937 ng/ml-4590 ng/ml, 778 ng/ml-1143 ng/ml for gingivitis and further increasing to 4590 ng/ml, 1143 ng/ml for chronic generalized periodontitis.
Discussion
The current study was carried out to explore the GCF and serum CSTC concentration with periodontal disease severity and results suggested that CSTC concentration increased from periodontal health to chronic periodontitis and decreases subsequently after non surgical periodontal therapy in both GCF and serum samples.
In the present study the influence of age and gender of the subjects on the CSTC concentration was minimised/nullified by including the equal number of males and female in each group and selecting the subjects within the specified age group of 25-50 years. In the present study, the extracrevicular (unstimulated) method of GCF collection using microcapillary pipettes was employed to ensure atraumatism, to obtain an undiluted sample of native GCF whose volume can be accurately assessed and also to avoid nonspecific attachment of the analyte to filter paper fibers [26] . The disadvantage of this method is the possibility of trauma to the marginal gingiva, and care was taken to avoid this during GCF collection. Furthermore, loss of GCF due to sticking of the sample to the capillary walls was avoided by flushing the capillary with a fixed amount of diluent, which was taken into account during the final calculations. In the present study, the use of commercially available, sensitive ELISA kit to quatify CSTC from selected sites allowed us to avoid pooling of GCF samples from multiple sites or subjects.
Our study comprised of four groups (healthy, gingivitis, chronic periodontitis and chronic periodontitis after treatment) in addition to the previous study by ulker et al. [17] where the CSTC levels were only investigated in periodontally healthy children and children with chronic gingivitis. The additional groups of periodontitis and after treatment in our study helped us to evaluate the role of CSTC in different stages of periodontal disease and the effect of periodontal therapy on CSTC concentrations which can further confirm its role in periodontal disease.
The results of the present study indicated that concentration of CSTC in GCF increased progressively from healthy to periodontitis sites, while in gingivitis the mean concentration of CSTC fell between the above two groups. The results of our study are contrary to Ulker et al. [17] who reported decreased levels of CSTC in GCF and total saliva in patients with gingivitis compared to periodontally healthy children and Henskens et al. [18] who has not found CSTC in GCF samples. Use of filter paper strip for GCF collection and immunoblotting technique used for detection of CSTC in GCF in Henskens et al. [18] study can be the reason for no expression of CSTC in GCF samples which has been overcome by using microcapillary pipettes for GCF collection and sensitive ELISA kits in the cur-rent study. In the present study increased CSTC level in GCF indicates amplification of osteoclastic activity signals and so CSTC increase for counterbalance these pathways in the inflamed periodontium as in gingivitis and periodontitis.
The mean CSTC levels in serum increased progressively from health to gingivitis and periodontitis. Further, when the concentration of CSTC in GCF was compared to that of serum, the concentration of CSTC in GCF was significantly higher than corresponding serum concentration in all the groups. Possible reason can be the inflammatory cytokines associated with periodontitis which stimulate the production of lysosomal cathepsins, and increased plasma concentrations of cystatin C, a cathepsin inhibitor, may reflect, at least in part, an attempt to counterbalance a potentially damaging increased osteoclastic activity. Increase in serum concentration of CSTC has been detected in various other chronic inflammatory diseases [8, 9, 11, 12] . Leung et al. [8] reported that high CSTC concentrations are directly related to both inflammation and atherosclerosis and involved in the pathogenesis of atherosclerosis. Kestenbaum et al. [9] evaluated that for each 15 nmol/L (0.2 mg/L) increase in CSTC concentration there was a 15% greater incidence of hypertension. So elevated serum CSTC levels due to periodontal disease can increase the risk of cardiac diseases.
Previous studies [21, 22] reported reduction in serum CSTC levels after non surgical periodontal therapy but they considered that the inflammatory markers from periodontal disease may trigger a systemic acute-phase systemic inflammatory response, characterized by increased levels of acute phase proteins which affect renal function. Non surgical periodontal therapy of such patients can lead to reduction of systemic inflammation and improve renal functionality assessed by CSTC (Measuring GFR) [21, 22] . While current study indicates that production of CSTC increases in local periodontal tissue as a protective marker and spillover from local tissue to serum leads to elevation of serum CSTC in transformation from periodontal health to disease, and after non surgical periodontal therapy, local inflammatory component subsided, reduction in CSTC levels takes place in periodontal tissues and so in serum.
The variability of CSTC concentration within the patients of each group can be attributed to the different stages of disease process at the time of collection of GCF and serum samples. The few samples of gingivitis group showed values nearing that of chronic periodontitis group especially in GCF, which could be attributed to near conversion of gingivitis lesions to chronic periodontitis lesions that is not clinically detectable. A few of the samples of periodontally healthy group showed values nearing those of gingivitis group which could to because of subclinical levels of inflammation in the clinically healthy tissues. Further there was significant overlap between gingivitis group and the after periodontal therapy group, which can be due to the individual variation in the resolution of periodontitis after treatment.
It has been proposed that peptidyldiazomethane, mimicking part of the proposed substrate like-binding region of CSTC, displays irreversible inhibition of papain and a Streptococcal cysteine proteinase and appears to have a potential as an antimicrobial drug [27] . In addition, recombinant human CSTC inhibits cysteine proteinases papain with same efficiency of natural CSTC [28] . Thus in future CSTC and recombinant CSTC may have important implications in the design of novel therapies for periodontal disease.
In summary, CSTC concentration was found to be elevated from periodontally healthy group to chronic periodontitis group in both GCF and serum samples and decrease in after periodontal therapy group. This suggests that CSTC acts as anti-inflammatory marker in GCF and serum.
Conclusion
CSTC concentration in GCF and serum increases proportionally with the severity of periodontal disease. Further, the treatment aimed at arresting periodontal disease, resulted in statistically significant reduction in the levels of CSTC both in GCF and serum proportionally. This suggests that CSTC increases with disease progression to prevent further periodontal degeneration and decreases after treatment due to bone metabolic homeostasis. The role of CSTC as an "inhibitory biomarker of osteoclastic activity" can be explored in future as a potential therapeutic target in the treatment of periodontal disease. Further, longitudinal prospective studies involving larger population are needed to confirm the findings of present study and to better understand the role of CSTC in the pathogenesis of periodontal diseases.
